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RRS - A MULTIPURPOSE REUSABLE REENTRY SATELLITE 
ABSTRACT 
John J. Givens· 
and 
Richard W. Schaupp 
NASA Ames Research Center 
. This paper descr ibes a low-cost, mul tipurpose Reus-
able Reentry Satellite (RRS) which can carry a variety of 
experiments into space, remain in orbit for up to 60 days, 
return autonomously to Earth and be refurbished for reuse. 
Potential user applications include life science, commer-
cial, and others. 
As presently conceived, the vehicle is a blunt ballis-
tic entry vehicle with an internal cavity for accommodat-
ing user payloads, including those utilizing the STS Get-
Away Special (GAS) canister. The spacecraft provides 
payload power, transmits payload data, receives payload 
commands, and controls payload cavi ty thermal conditions. 
A variety of vehicle sizes with base diameters within 
the range 38 to 100 in. have been investigated. Based on 
these investigations, a 64-in. -diameter vehicle has been 
selected as a baseline for conceptual design studies. This 
vehicle weighs 1900 lb and has an overall length of 76 in. 
It can accommo~ate a payload whioh weighs 450 lb and 
ocoupies 21 ft . Up to 30 kWhr of lithium battery power is 
available for payload use. 
The results of the studies to date have been very 
promising. Efforts are oontinuing at NASA Ames Researoh 
Center to define system capabilities and requirements 
while contraoted vehiole study efforts are being initiated. 
INTRODUCTION 
In recent years user acoess to space has been seriously oonstrained by 
the lack of low-cost spaceoraft and the availability of launch opportunities. 
This is particularly true for long-term research programs requiring a series 
of flight opportunities. The Reusable Reentry Satellite (RRS) Program, in 
conjunction wi th the NASA plan to provide a mixed fleet of launch vehioles, 
• Member AIAA 
including Expendable Launch Vehicles (ELVs) and the Space Transportation 
System (STS), has been conceived to help alleviate this problem. This pro-
gram proposes to design and build a low-cost spacecraft capable of support-
ing a variety of small experiments for orbital periods up to 60 days. The 
vehicle is to be designed to operate and return to Earth autonomously, to be 
reusable with minimal refurbishment, and to be compatible with either ELVs 
or the STS. Program mission costs can be kept at modest levels by either 
sharing launches with other payloads or taking advantage of one of the 
commercial launch vehicles presently under development, which, if success-
ful, will provide launches in the $8-16M range. Marketing surveys have 
indicated that there is considerable user interest for such a program. 
An RRS conceptual design has been defined. This paper describes the 
RRS conceptual design, presents a typical mission profile, describes user 
accommodations as defined to date, and discusses initial system tradeoffs 
and estimated vehicle costs. In addi tion, it describes typical user applica-
tions and typical payloads. 
PROGRAM DESCRIPTION 
The RRS Program is designed to serve multiple research communi-
ties. To help in understanding the planned approach, Fig. 1 shows the basic 
hardware elements which make up the RRS. The primary elements are the 
spacecraft; i.e., the Reusable Reentry Vehicle (RRV) and the Integrated 
Payload Module (rPM). The IPM consists of the Payload Module, a basic 
facility for support of a general type or class of experiments (e.g., Life 
Sciences PM), and a set of experiments for a specific mission. The Ames 
RRS Project Office will be responsible for the development of the RRV and 
Life Sciences Payloads. Development of non-Life Sciences Payloads will be 
a user responsibility. Initial RRS study efforts are being conducted by a 
study team at NASA Ames Research Center. Subsequent to formal project 
approval, a dedicated project office will be established to manage the over-
all project. 
Because feasibility of the RRS concept has been demonstrated by the 
Biosatellite 1 and Discoverer Programs, a formal Phase A study is not 
required. Current plans are to fund two contractors to conduct Phase B 
design/tradeoff studies for the RRV. It is anticipated that the time from 
go-ahead for Phase B to first launch is approximately 5 yr. 
MISSION DESCRIPTION 
A typical mission profile for the RRS is shown in Fig. 2. Prior to 
launch, the IPM, which contains user experiments, will be integrated with 
the RRV, tested, and prepared for flight. For some life science experiments, 
physical access to the IPM on the launch pad will be required to install flight 
experiment specimens. After integration of the IPM, environments must be 
monitored and controlled, and experiment data must be collected and 
recorded for the remainder of the mission. 
Launch may be via the STS or an Expendable Launch Vehicle (ELV). 
For launches using Delta class or larger vehicles, the RRS could be part of a 
shared payload. The launch trajectory will be directed along an appropriate 
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azimuth to satisfy range safety constraints, and will achieve the desired 
orbits to permit recovery to occur at a preplanned site and permit communi-
cation with the ground. Launch environments will be monitored and 
recorded. 
After attainment of the desired orbit, the attitude-control sys~em will 
sense and control the angular rates to limit RRS accelerations to 10- g for 
at least 95% of the mission exclusive of the launch and recovery phases. 
Thruster firings t~ remove ~ngular rates due to on-orbit disturbances will be 
constrained to 10- g to 10- g. The RRS can remain in orbit up to 60 days. 
Periodically (no more than two to three times per day), data will be trans-
mitted to the ground and commands will be sent to the vehicle. 
At the completion of the mission, the RRS will be reoriented to the 
retro firing attitude and the retros will be fired. The RRS will then be 
reoriented to the entry attitude and will enter the atmosphere with a stable 
attitude by virtue of the aerodynamic characteristics of the vehicle. Vehicle 
accelerations during the recovery process through impact will be monitored 
and recorded. A typical entry profile showing the g levels experienced by 
the vehicle is shown in Fig. 3. 
After reentry and when the vehicle slows to the designated Mach 
number (N Mach 1), a drogue parachute will be deployed which will deceler-
ate the vehicle to a condition permitting deployment of the steerable gliding 
parachute. Terminal descent on the main parachute is controlled so that the 
vehicle soft-landsat a designated landing site near a homing beacon. IPM 
impact accelerations will be limited to 20 g. A recovery beacon will be used 
to ensure prompt recovery. 
After the vehicle touches down, it is retrieved and transported to a 
portable servicing facility for disassembly. Within 2 hr after touchdown, the 
experiments are removed and returned to the experimenters. The flight 
hardware is then returned to the contractor(s) for refurbishment for subse-
quent reflights. 
VEHICLE DESCRIPTION 
The current RRS reference design is shown in Figs. 4 and 5. The design 
is based on a simple blunt-body configuration similar to the Biosatellite and 
Discoverer shapes. This shape was selected because it is a flight-proven 
configuration and should represent a relatively low-cost design approach. No 
significant cross-range control capabili ty is planned; hence the vehicle's 
orbit must overfly the recovery site. For a recovery at Edwards AFB, for 
example, launch azimuth must be sufficient to obtain at least a 35° orbit 
inclination. For standard STS orbits (inclination 28.5°), landing sites in the 
United States are limited to southern Texas and southern Florida. 
Based on initial tradeoff studies, described in a later section of this 
paper, a vehicle with a 64-in. base diameter was selected for the reference 
design. The characteristics of this conceptual design are presented in 
Table 1. It should be noted that future contractor design study efforts may 
lead to the choice of somewhat different size and configuration. 
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A top-level block diagram for the baseline RRV design is shown in 
Fig. 6. The block diagram contains the standard spacecraft elements so it is 
assumed to be self-explanatory except for the following: The current system 
is designed for a controlled ground landing. A remotely controlled steerable 
gliding parachute is used; this requires a control box with an RF beacon on 
the ground for horning, and provision for either operator-controlled or auto-
matic landing flare maneuver. The basic user interfaces are command/data, 
power, and thermal control. The RRV provides all power for the payloads. 
Payload interfaces will be described in more detail later. 
The estimated spacecraft mass breakdown and power consumption for 
the reference vehicle are shown in Tables 2 and 3, respectively. The mass 
estimates for structure and heat shields are based on scaling similar blunt 
ballistic entry shapes. The other elements of the mass and power estimates 
are based on existing hardware for similar spacecraft subsystems. The 
assumptions for determining spacecraft power needs are shown in Table 4. 
Lithium thionyl chloride batteries are used as the power source. The total 
spacecraft weight, including a 450-lb allocation for the payload module, is 
about 1900 lb. RRV SUbsystems require about 25 kWhr of electrical energy 
over and above the payload power requirements for a 60-day mission. 
As will be discussed later, some users are expected to require a sub-
stantial amount of electrical energy. Initial studies investigated alternate 
power supplies: Li batteries, fuel cells, and solar cells. The lithium thionyl 
chloride batteries appeared to be the best choice for the baseline design. 
One of the guidelines used in the design was that the vehicle would be self-
contained and no expendables (e.g., batteries) would be jettisoned prior to 
reentry to avoid adding to the space debris problem. Since a forward center 
of gravity is required for vehicle stability during entry, the batteries are 
mounted in the forward equipment compartment as shown in Fig. 5. This 
packaging constraint limits the baseline power for combined spacecraft and 
payload use to 55 kWhr. Because the total amount of electrical energy is 
constrained, power management will be required by the spacecraft and users 
as indicated in Table 4. 
USER APPLICATIONS 
The RRS program will be designed to accommodate users that require 
their payloads returned after exposure to the space environment and that 
require extended mission durations, a variety of orbits, multiple flight oppor-
tunities, and minimum payload/spacecraft interface complexity. To date, 
two user communities, Life Sciences and Commercial payloads, have defined 
specific needs for the RRS Program. Both of these groups find the opportu-
nities on the Shuttle are too limited to support the continuity required for an 
organ ized, on go ing research program. 
A survey of some 250 researchers in the Life Sciences arena resulted in 
approximately 80 positive responses. On the strength of this response and 
the need to support overall LiIe Sciences research goals as defined by the 
National Academy of Sciences, NASA Headquarters Life Sciences Division 
is funding a study to define a Life Sciences Payload Module conceptual 
design. The design effort is being carried out at the NASA Ames Research 
Center by the Systems Engineering Division under the direction of the RRS 
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Study Team·, The primary goal of this study is to establish a payload module 
concept which will support research in general biology at the cell, tissue, and 
lower life form level (e. g., insects and fish) ; and in research at the whole 
plant and small animal level. The results of the study will provide the basis 
for project planning, a framework of capabilities for experiment selection 
and development, the baseline design point-of-departure for further module 
development, and the defini tion of requirements for spacecraft development. 
The Life Sciences Payload Module is being designed to accommodate 
an animal payload of 12 rats for 24 days or plant payloads with four to six 
growth cells for at least 30 ~ays. Each PM plant growth cell has a growing 
area of approximately 35 in. and a growing height of 12 in. The payload 
modules are being designed to maximize the use of common hardware. It is 
expected that the electronics, the pressure vessel, and major portions of the 
atmosphere conditioning system can be common. The results to date indi-
cate that the reference spacecraft design (64-in. base diameter) can support 
important Life Sciences experiments. However, margins are small and, 
particularly for plant experiments, additional electrical energy capacity 
would significantly improve the ultimate science return. Table 5 lists a 
number of experiments which could be supported by the RRS program. 
A survey of possible commercial users conducted for the NASA Head-
quarters Office of Commercial Payloads by the Ames External Affairs 
Office showed that of the 54 possible users interviewed, 27 either had exist-
ing hardware or were willing to modify existing hardware in order to partici-
pate in the RRS program. Table 6 lists the types of experiments identified 
by the study. As with Life Sciences, the primary constraint identified by the 
study is electrical energy. Fifty kWhr of payload energy was indicated as 
the level which would significantly enhance program interest. At this level a 
number of important electrophoresis experiments could be supported which 
were excluded by the baseline design. 
Although there has not been specific interest expressed by other user 
communities at this point, it appears that the RRS program could make 
positive contributions in the area of space physics (particles and fields) and 
general space hardware technology development. Table 7 shows a number of 
technology areas which could benefi t from the RRS program. 
USER ACCOMMODATIONS/INTERFACES 
In order to readily accommodate a variety of payloads in a cost-
effective and timely manner, simple standardized interfaces between the 
RRV and user are required. The RRV block diagram (Fig. 6) shows the basic 
electric interfaces with the IPM. Each IPM will have its own dedicated data 
and control system. The IPM data and control system will control IPM 
functions and collect and store its data between spacecraft to Earth com-
munication periods. Periodically, during communication periods, data will be 
transferred from the IPM to the RRV for transmission to Earth. At this 
time, any ground commands will be transmitted via the RRV to the IPM. 
The RRV will also provide power for users and an active heat-rejection 
system for use by payloads that require very precise thermal control. Up to 
30 kWhr of electrical energy can be dedicated to payload use for the baseline 
64-in. vehicle design. 
5 
The thermal control requirements for payloads will vary substantially. 
A passive control system will suffice for some payloads, while others, such 
as those for life sciences will require environmental temperatures within the 
payload module be controlled to within 1°C for a wide range of heat loads. 
Temperatures must be sufficiently low to permit a payload humidity-control 
system to function. Several design approaches for an active heat-rejection 
system are under investigation, including ones which use an active coolant 
loop coupled to an external radiating surface. Mechanical and control power 
needs for this acti ve heat-rejection system are allocated to the RRV. 
The mechanical interfaces between the IPM and the RRV including 
design envelopes are shown in Fig. 7. The IPM is attached to the aft cover 
of the RRV via three equally spaced structural feet at the aft end of the 
IPM. Access to the IPM experiments is through a removable cover at the 
forward end (the side facing the nose cone) of the IPM. To provide IPM 
access, the RRV disassembles into a nose cone assembly and an aft cover 
assembly using a joint at the junction of the aft cover and heat shield. The 
basic envelope of the IPM was constrained by the need to accommodate an 
STS GAS canister (approximately 20 in. in diameter by 30 in. long) and the 
need to accommodate life science and other user experiments and IPM 
subsystems (maximum diameter of at least 42 in.). 
SYSTEM TRADEOFF 
There are many tradeoffs and options associated with the RRV system 
design. Some preliminary tradeoff studies have been conducted while many 
others remain to be investigated through in-house and contracted efforts. 
As mentioned earlier, initial tradeoff studies of vehicle size for a blunt 
ballistic configuration were conducted to select a vehicle size for develop-
ment of a reference design. Sizes were varied from a 38-in. base diameter 
(the largest size compatible with a Scout launch vehicle) to a 100-in. diam-
eter, which corresponds to the maximum capability of a Delta II launch 
vehicle. Figure 8 shows the scaling relationships used for the study. Launch 
vehicle characteristics assumed for the study are given in Table 8. 
The results of the studies for a set of selected sizes are shown in 
Table 9, which gives the dependence of key system parameters with vehicle 
size (base diameter). The results show that the minimum size that could 
accommodate the STS GAS canister and provide sufficient resources for life 
science and other payloads is about a 64-in. -diameter vehicle. The effect of 
vehicle size on costs is discussed in the next section. The 64-in. -diameter 
vehicle can accommodate the equivalent of two experiments configured for 
the STS middeck lockers. The adequacy of the available power is a critical 
issue for all users, and it could bias the eventual selection for the flight 
hardware to a larger size, 
The choice of the blunt ballistic configuration was made on the basis of 
simplicity and cost, It is a proven stable entry configuration which has been 
used in the Biosatellite and Discoverer programs, In-depth tradeoffs with 
regard to landing/recovery options (solid surface versus water) have not been 
made. For the purposes of the baseline design, a solid surface landing/ 
recovery was selected because it would minimize recovery logistics. 
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The above tradeoffs, along with other tradeoffs and options, will be 
examined by contractors during the projected Phase B System Design 
Studies. The presently recognized list is shown in Table 10. Many of the 
system characteristics established in the reference design may change as a 
result of these tradeoff studies; however, basic system capabilities will be 
maintained to the extent possible. 
COST 
Preliminary cost estimates have been generated using several different 
models. Based on these analyses, the cost for design, development and test 
of a protoflight RRV is estimated to be about $30M. Recurring costs for 
refurbishment, payload module/RRV integration, launch (exclusive of launch 
vehicle) and flight operations costs are estimated to be the order of $1.5M. 
The sensitivity of cost to vehicle size was analyzed as part of the size 
trade study. For this analysis, it was assumed that only the structure and 
battery capacity would change with vehicle size; i.e., the electronics would 
be the same regardless of vehicle size. The r~sul ts of the analyses show that 
the cost increase with size is modest compared to the improvement in 
vehicle capabil i ty. Figure 9 compares the relative cost, mass, volume, and 
electrical storage capability as a function of vehicle size. 
CONCLUSIONS 
The results of the studies to date have been very promising and show 
that a reusable vehicle capable of supporting a variety of missions can be 
developed and flown at a modest cost. Such a vehicle can provide easier 
user access to space, reducing the backlog of space experiments and support-
ing organized, ongoing research programs. User surveys have shown strong 
interest in the RRS program. The reference vehicle design is based on 
flight-proven technologies and can use inherited hardware designs from other 
programs, thus minimizing system development cost and risk. The vehicle is 
compatible with a large number of current and prOjected launch vehicles, 
including the STS, so it should be readily compatible with launches of oppor-
tunity. After achieving orbit, it can operate autonomOUSly during the mis-
sion, reenter, and land at a planned recovery site. After removal of the 
payload, the vehicle is refurbished for reflight. The RRS program should 
serve as a useful tool in the national space research effort. 
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Table 1. Characteristics of the Reference Reusable Reentry Vehicle (RRV) 
FLIGHT-PROVEN BLUNT BALLISTIC SHAPE 
EXISTING COMPONENT DESIGNS USED AS MUCH AS PRACTICAL 
64-IN. BASE DIAMETER; 76-IN. OVERALL LENGTH 
1900 LB TOTAL VEHICLE WEIGHT 
450 LB PAYLOAD MODULE WEIGHT INCLUDED 
20+FT 3 PAYLOAD VOLUME; ACCOMMODATES STS GAS CAN 
30 kWH FOR PAYLOAD 
PARAGlIDE CHUTE WITH GUIDANCE TO LANDING BEACON 
GOOD ACCESS FOR PRE- AND POST-FLIGHT EXPERIMENT HANDLING 
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Table 2. Estimated SIC Mass (lb) 
SPACECRAFT 
STRUCTURE 
HEAT SHIELD 
RECOVERY 
ATrITUDE CONTROL (LESS GAS) 
RETROROCKET CASE 
MECHANISMS 
DATA-HANDLlNGlCOMMAND/CONTROL 
COMMUNICATIONS 
POWER PLUS HARNESS (EXCL BATrERIES) 
SIC BATTERIES 
PAYLOAD BATTERIES (30 kWH) 
PAYLOAD THERMAL CONTROL 
MISCELLANEOUS 
TOTAL SPACECRAFT (DRY, LESS PAYLOAD) 
SOLID PROPELLANT (Isp = 290 SEC) 
ATrITUDE-CONTROL GAS 
PAYLOAD MODULE 
LAUNCH-VEHICLE ADAPTER 
TOTAL SYSTEM 
9 
190 
230 
90 
40 
18 
10 
30 
18 
25 
230 
280 
15 
50 
1226 
154 
10 
450 
60 
1900 
Table 3. Estimatl;d Reference RRV Power Consumption 
AV. POWER MISSION "ON' TIME ENERGY 
USER (W) (HRl (kWhr) 
MISSION TIMER 0.4 1464 .59 
PAYLOAD THERMAL·CONTROl SYSTEM 5 1464 7.20 
COMMAND RECEIVERIDECODER 1.5 1464 2.16 
POWER ELECTRONICS 1.5 1464 2.16 
COMPUTER/MEMORY 20 65 1.30 
TRANSMITTER 27 35 ,95 
ENCODER 4 35 .14 
TRACKING TRANSPONDER 18 35 .63 
3·AXIS GYROS 25 65 1.63 
ATT. CONTA. SENSORS/ELECTRONICS 7 65 .46 
MECHANISMS 50 .05 
HEATERS 3,0 
RECOVERY HOMING BEACON INTERNAL BATTERIES 
CHUTE CONTROL BOX INTERNAL BATTERIES 
SUBTOTAl 
CONTINGENCY (20%) 4.05 
TOTAL ENERGY 
Table 4. Assumptions for SIC Power Consumption 
SIC DESIGN MISSION DURATION· 60 DAYS (1440 HR) 
POWER AVAILABLE FROM GROUND SOURCE TO L·12 HR AND AFTER R+12 HR 
CRITICAL SIC ELECTRONICS "ON" CONTINUOUSLY DURING MISSION; E.G., MISSION SEQUENCER, 
PAYLOAD THERMAL·CONTROL SYSTEM, CMD RECEIVERIDECODER, POWER SUPPLY 
20.27 
24.32 
ATTITUDE CONTROL "ON" CONTINUOUSLY DURING INITIAL 24 HR AND FINAL 12 HR, INTERMITTENTLY 
FOR 30 MIN/DAY DURING REMAINDER OF MISSION 
GROUND COMMUNICATION PASSES· TWELVE 15·MIN PASSES/DAY DURING FIRST AND LAST 24 HR 
OF MISSION; TWO 15-MIN PASSESIDA Y DU RING REMAINDER OF MISSION 
MOST ELECTRONIC SYSTEMS NORMALLY "OFF"; TURNED ·ON" DURING COMMUNICATION PASSES 
TO PROVIDE DATA SNAPSHOT DOWNLINK/UPLINK 
RECOVERY HOMING BEACON AND CHUTE CONTROL BOX HAVE INTERNAL BATTERIES 
USER POWER IS NOT INCLUDED, BUT MUST BE CONSIDERED WHEN SIZING POWER SUPPLIES 
10 
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T 001.9 5. lile Science Expariments 
EXPERIMENT PURPOSE 
GENERAL BIOLOGY EXPERIMENTS 
EFFECTS OF WEIGHTLESSNESS ON JELLYFISH 
(AURELIA EPHYFIA) DIFFERENTIATION 
MICRO-G EFFECTS ON CYTOSKELET AI.. ORGANIZATION 
DURING FERTILIZATION AND EARLY DEVELOPMENT AND 
ON EMBRYONIC SKELETAl CAlCIUM DEPOSrrtON 
CHARACTERIZATION OF NEUROSPORA CIRCADIAN 
RHYTHMS .. SPACE 
GENETIC MOI..ECULM DOSIMETRY OF HZE 
RADIATION 
WHEAT GROWTH AND PAODt.JaTIVITY 
HORMONE PRODUCTION 
GENETIC PROCESSES 
SKELETAl.. MUSCLE MET AOOLISM IN HYPOKINETIC RATS 
NEUROMUSCULAR ATROPHY .. SPACEFLIGHT STUDIED BY 
BIOCHEMISTRY. CYTOCHEMISTRY. AND ELECTROMYOGRAPHY 
EFFECTS OF WEIGHTLESSNESS ON BONE FOFlMATION 
ROlE OF CORTICOSTERICXlS IN BONE LOSS DURING 
SPACEFLiGHT 
ACUTE ADAPTATION OF BONE TO SPACEFLIGHT 
BONE CELL KINETICS OF SIMULATED AND ACTUAl 
WEIGHTLESSNESS 
DETEFIMINE WHETHER DEVELOPMENT OF GRAVITY RECEPTORS IS AlTERED DURING 
SPACEFLIGHT 
DELINEATE lHE EVENTS OF FERTILIZATION AND SUBSEQUENT EARLY DEVELOPMENT 
OF SUPPORTING STRUCTURE OF CELLS AND EMBRYONIC SKElETON IN SEA URCHINS 
DURING SPACEFLIGHT 
CHARACTERIZE DAMPING OF THE RHYTHM OF ASEXUAL SPORE FORMATION IN COMMON 
FUNGUS (NEUROSPORA CFIASSA) DURING SPACEFLIGHT 
MEASURE CELL NUMBER. MICRATION. AND DIFFERENTIATION DURING DEVELOPMENT 
OF A WElL·DEFINED FIOUNDWOFIM (C. ELEGANSjlN SPACEFLIGHT 
PLANT EXPERIMENTS 
STUDY WHOlE·PLANT AND ORGAN DEVELOPMENT AND PRODUCTIVITY - VEGETATIVE 
GROWTH AND SEED DEVELOPMENT 
STUDY HORMONE CHARACTERISTICS AND PRODUCTION RATES - UNDERSTAND 
OBSERVED DEVELOPMENT AND PRODUCTIVITY CHANGES 
EXAMINE PRECURSORS TO PRODUCTIVITY· GENETIC AI.. TERATION, CELL DIVISION 
MECHANISMS AND RATES 
RAT EXPERIMENTS 
COMPARE UNLOADING OF LEG MUSCLES ON EARTH AND IN SPACE AND DETEFIMINE 
WHETHER STRETCHING OF MUSCLES WILL NEGATE CHANGES DUE TO UNLOADING 
MEASURE THE TRANSMISSION OF ELECTRICAl IMPULSES THROUGH MUSCLE TISSUE 
AND ASSESS THE AMOUNT AND MECHANISMS OF DETERIORATION OF NERVES AND 
MUSCLE DURING SPACEFLIGHT 
CHARACTERIZE TIME COURSE OF BONE GROWTH INHIBITION DURING SPACEFLIGHT 
DETEFIMINE WHETHER DECREASED BONE GROWTH DURING SPACEFLIGHT IS DUE TO A 
PHYSIOLOGICAl STRESS RESPONSE 
DETEFIMINE THE MET A8OL1C ACTIVITY OF BONE IMMEDIATELY FOLLOWING SPACEFLIGHT 
MEASURE THE RATE OF PRODUCTION AND NUMBER OF PRECURSOR CELLS FOR BONE 
FORMATION DURING SPACEFLIGHT 
- - -
Table 6. Commercial User Experiments 
EXPERIMENT 
MUL TIPHASE POLYMER 
ELECTRODE POSITION. 
ORGANIC SEPARATION 
IMMERSIBLE POLYMER 
PROTEIN CRYSTAL GROWTH 
01 RECTIONAL SOLIDIFICATION 
CRYSTAL GROWTH (ELECTRONIC) 
SOLUTION VAPOR PHASE 
THIN FILM POLYMER 
DESIRED FLIGHT FREQUENCY (MOl 
6 
12 
3·6 
6 
3-6 
6 
Table 7. Sample Technology Development Payloads 
FLUID FLOW 
FLOW DYNAMICS 
HEAT TRANSFER: CONVECTIVE AND ACOUSTIC 
WATER ELECTROLYSIS 
SCIENCE INSTRUMENT HARDWARE 
ATMOSPHERE CO 2 MEASUREMENT 
INFRARED DETECTORS 
EMUlSIONS FOR HIGH-ENERGY PHYSICS 
12 
COMBUSTION 
IGNmON 
FLAME PROPAGATION 
FIRE SUPPRESSANT 
SPACECRAFT HARDWARE 
MASS DATA STORAGE 
ELECTRONIC PARTS 
MICROPROCESSOR TECHNOLOGY 
ULTRASTABLE CLOCKS 
CRYO FLUID TANK SUPPORTS 
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VEHICLE 
ORBIT,NM 
INCLINATION, DEG 
LAUNCH MASS, LB 
P/L SHROUD DIA, IN. 
P/L SHROUD LENGTH, IN. 
EST. LAUNCH COSTS, $,M 
Tabie 8. Launch Vehicle Characteristics 
UPGRADED 
SCOUTGl SCOUT 
300 300 
37.3 90 37.7 90 
450 360 1020 840 
38 52 
61 97 
14 
AMROC 
300 
28.5 90 
3600 2600 
86 
108 
8 
Table 9. Reusable Reentry Vehicle (RRV) Characteristics 
BASE DIAMETER, IN. 38 52 84 75 
SPACECRAFT MASS, LB 450 1020 1900 2500 
BALLISTIC COEF, PSF 78 95 118 115 
PAYLOAD + BAn MASS, LB 180 500 1100 1240 
PA YLOAD MASS, LB 90 250 450 700 
PAYLOAD SIZE, DIA x H - IN. X IN. a a 27'1.27 35x19 42x24 49x30 
+20xl1 
PAYLOAD VOLUME, FT 3 4 11 21 33 
BAnERY ENERGY, kWH b 7 20 30 45 
EXPERIMENTS ACCOMMODATEDc <1 2 3 
LAUNCH VEHICLEd SCOUT UP. SCOUT AMROC AMROC 
NOTES: 
a CANNOT ACCOMMODATE THE STS GAS CANISTER 
DELTA II 
(ENHANCED) 
300 
28.5 90 
10000 7700 
86 or 100 
240 or 150 
33+ 
88 100 
3800 5800 
120 138 
2040 3300 
900 1250 
55x30 84x30 
41 59 
95 170 
4 5 
AMROC DELTA II 
b NET POWER AVAILABLE FOR PAYLOAD. BALANCE OF AVAILABLE CAPACITY IS USED BY SPACECRAFT 
c BASED ON STS MID-DECK LOCKER-SIZED EXPERIMENTS 
d CANDIDATE LAUNCH VEHICLE; OTHERS WITH SUFFICIENT LAUNCH CAPABILITIES COULD ALSO BE USED 
13 
Table 10. System Tradeoffs 
DETERMINATION OF OPTIMUM VEHICLE SIZE AND CONFIGURATION 
BLUNT BODIES VS SHAPES WITH LIFT 
VARIATION OF SYSTEM PARAMETERS, USER ACCOMMODATIONS, AND COSTS WITH SIZE 
VARIATION OF MISSION AND LAUNCH IMPACTS WITH SIZE 
DETERMINATION OF OPTIMUM LANDING/RECOVERY OPTION 
LAND LANDING VS WATER LANDING 
DETERMINATION OF OPTIMUM POWER SOURCE 
BATIERIES VS FUEL CELLS VS SOLAR 
DETERMINATION OF OPTIMUM GROUND-COMMUNICATION OPTIONS 
TDRSS VS GROUND NETWORK 
DETERMINATION OF IMPACT OF ACCOMMODATION OF USER OPTIONS 
MORE STRINGENT USER REQUIREMENTS FOR INERTIAL POINTING AND POINTING 
AT FIXED GROUND TARGETS 
PROVISION OF PAYLOAD ACCESS TO SPACE FOR VIEWING 
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EXPA EXPB 
\ I EOC 
~ IN~ED PAYLOAD • PAYLOAD MODULE (PM): INTERNAL MODULE TO SUPPORT EXPERIMENTS 
MODULE • INTEGRATED PAYLOAD MODULE (IPM): PM INTEGRATED WITH EXPERIMENTS 
~1\"~~ 
~ • REUSABLE REENTRY VEHICLE (RRV): SPACECRAFT 
• REUSABLE REENTRY SATELLITE: RRV 
INTEGRATED WITH IPM, READY TO FLY 
• "LIFESAT" NAME FOR LIFE SCIENCES MISSIONS 
REUSABLE REENT 
SATELLITE (RRS) 
Fig. 1 System Concept. 
O}:;>~D() 'V~ 
• LAUNCH BY EITHER EXPENDABLE OR STS .~ ~ ~ • ON ORBIT MISSIONS TO 60 DAYS 
• NOMINAL "FREE FLOAT" DISTURBANCES ~ 10E-5 G's 
• SELF RECOVERABLE TO SELECTED LANDING POINT ~ 
• REFURBISHABLE FOR REUSE IN 60 DAYS 
• LIFE SCIENCES, TECHNOLOGY,COMMERCIAL PAYLOADS 
~ -
" iUSERBI- ~ ~ 
-
Fig. 2 Reusable Reentry Satellite (RRS): Mission Concept. 
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250 nm CIRCULAR ORBIT 
PITCH·DOWN ANGLE = 0' I 
DE·ORBIT RETRO VELOCITY 122 m/sec 
80 8 8 160 
REENTRY VELOCITY = 7493 m/sec 
BALLISTIC COEFFICIENT 6631 Nlm2 
, DIAMETER = 142 m (56 in.) I 
AXIAL 
70 7 7 140 DECELERA TlON 
N VELOCITY E 
Z 
"" 
I 
60 6 6 w' 12O 
a: 
.'" ::l 
'" ~ 
50 ~5 ~5 ~ 100 a: c. 
w 
"" E (,J CXl <l: 
:E a: "" i ~40 w ~' 4 <l: ....J 4 Z 80 w g >-::t: (,J 
;f w 0 0 ....J 0 
:E 30 ~ 3 w z > 3 <l: 60 
X E 
<l: 
"" w' 
20 2 2 0 
::l 
I 
I 
I 
"" ~
....J 
10 <l: 20 I 
0 0 0 
0 100 200 300 400 500 600 700 
TIME FROM ENTRY, sec I 
Fig. 3 Typical Entry Profile. I 
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RETRO ROCKET 
SPACECRAFT SUBSYSTEMS PAYLOAD MODULE ELECTRONICS 
Fig. 4 RRS: Life Science Payload Configuration. 
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64" 
diam. 
1 
SIC 
BATTERIES 
/ 
42" diam. X 24" 
+ 20" diam. X,," 
PAYLOAD 
FIELD JOINT 
/ 
PARACHUTE 
HINGE 
/ MORTAR 
1
1 .... ______ 53" ------+lJ I 
I I 1-.. --76,,---__ 1 He TANKS 
Fig. 5 Cross-Sectional View of Reference RRV Vehicle. 
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TO 
PAYLOAD 
NOTE: REDUNDANCY NOT SHOWN 
SIC DATA 
HANDLING 
AND CONTROL 
SYSTEM 
LAUNCH 
VEHICLE 
Fig. 6 RRV Block Diagram for Reference Vehicle. 
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Fig. 7 Payload Envelope - Mounting Concepts. I 
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Fig. 9 Results Size Trade Study. 
21 
100 
